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1NTRODUGTION

The work for this Masters Thesis involved the study of
microorganisms in Metal Vorking Fluids (MWF) and the
fluidized bed reactors involved in their dispaosal. It was
of interest 1nAdetermiding what bacteria survive in MVWF
under different treatments, both chemical and biological,
and during the waste treatment process. These studies
focused on bacteria isolated from MVF and from different
locations in the wazste treatment system. Also looked was
the survival of bacteria, under laboratory conditions, after
changes in their environment. The environmental changes
included: changes in pH, biocide concentration (biocides
used were the same ones used in the industrial plant), and
carbon source. All samples used for this study were
collected from a General Motors plant (Delco Moraine New
Departure Hyatt (¥DH) plant) in Sandusky, Ohio.

Becausa of the possibility of future assignment in tiis
field (biodeterioration and/or degradation of oils) in the
Army, an understand of what was occurring in these
environments was needed by the author. From this research
with MVF, results from these changes in the environment
could be of interest to tha Army. This study alsoc helped one
to understand the effects that changes in the environment
bad on the survival of bacteria. The areas of particular
inpoétancc to this study were metal working fluids, biccides

and the fluidized bed reactors used.
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Metal Vorking Fluids
Metal working fluids are used in many iadustries today.

Some types of metal working or processing methcds that use
XVF are [3):

1.) machining and grinding

2.) stanping, blanking, drawing, and spinning

3.) molding

4.) rolling.

The primary function of the MWF is to increase the effi-
ciency of these and other industrial operations. The MVF is
enployed for different functions depending upon the type of
machine operation to which it is applied. The two basic
functions which any MWF must perform are (24}:

1.> To remove heat from the cutting tool, work piece
and chips (i.e. to cool).

2.) To reduce the friction between the flowing chips
and the cutting tool, thus reducing the heat
generatad in cutting.

The major benefit from chese functions is to improve tool
life. There are also other functions that the XWF mus:
perfora to increase the efficiency of operation. These
include [5]:

1.) provide rust/corrosion protection

.) lubricate exposed machine tool parts

2
3.7 reduce distortion through cooling
4.) allow for increased tool speeds

5

.) wash away chips from the work piece/tocl interface.



The type of MVF examined in this study was a water based
MVF. Vith the addition of water to metalworking operations
it has created a more than favorable environment for a
variety of microcrganisms. Since MWF is such an excellent
environment for microbial growth, industries working with
MVF are concerned about contamination. The maséive amount
of growth of microorganisms in MVF can cause adverse effects
to the industrial operations. Some of the common prablems

due to microbial contamination are listed in Table 1 [20)].

TABLE 1: PROBLEMS CAUSED BY MICROBIAL
CONTAMINATION

- odor development

- decrease in pH

= changes in emulsion

= increase in corrosion rates

- changes in coolant chenistry

- decreased tool life

- surface~finish blenishes

- clogged filters, screens & lines

- increase work piece rejection rates

For growth of microorganisms in any environment, certain
physioclogical and nutritional requirements must be met.
Figure 1, shows the requirements for microbial growth (7].
If any one of these factors is lacking then cell growth
stops. MVF becomes contaminated with microorganisms because
the fluid contains all the required nutrients needed to
suppo*t microbial growth. Some of the nutrients found in

MVF are listed in Table 2 (20]. The mineral oil base
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stocks, glycols, fatty acid socaps, amines, and other

constituents of XVF provide all of the essential nutrients
required for microbial growth. The other requirements for
microtial growth: pH, temperature, pressure, and gases; are

mat through the normal operation and maintenance of the MVPE.

TABLE 2: NUTRIENTS IN METAL WORKING PLUIDS
Qrganic Inorganic
cation:
- mineral waxes - iron
- fatty oil - calciun
- fatty acid socaps ~ sodium
- synthetic esters - magnesiun
- phosphate esters ~ manganese
- amines
anions:
- sulfate
- chloride
- phosphate

Large populations of microorganiama are readily detected
bacause of their effects on the fluid or system (mee Table
1). Unfortunataly, by the time these effacts are noticed,
it may already be too late to rescue the system and prevent
further damage. In addition, since nmicrcbes are so small
and cannot be seen by the nakad eye, the biodeterioration
problems that they cause are often not recognized until it
is too late [(8]. The growth of the bacteria in the MVF can
be controlled by the addition of preservatives. The
preservatives that are of interest to this study are

biocides.



Biocides ;

Biocides are added to MVF to destroy/inhibit microbial
calls., Some of the ways that biocides react (mode aof
action) with the microorganisms are described below. Two of
the biocides used in this study, A and B, are considered
formaldehyde (FA) releasers. This was demonstrated by the
axtensive work of Rossmoore et al [22, 23]. It wase found
that the release of FA from the biocide was essential for
its mode of action on the microbial cells. Vhen FA was
r.leas@d, it reacted with essential nuclecphiles (SH groups
and amines) in the biological environmant and then reacted
with the cells causing loss of viability. Biocide C also
reacts in a similar manner with the nucleaphiles.

Another probable mode of action involveas the biocide
making ccntact with the cell envelope and thus gaining cell
entry. Some entry can be contributed to the oil-water
portion of the cell envelope, thus allowing the biocide to
penetrate the lipophilic cell envelope. Some components of
the biocides also have structures asimilar to the essential
nutrients and metabolites; it is therefore possible to
anvision a form of competition for some of them [23]. As a
result of the action of the biocide on the microbial cails,
the cells may stop cell growth and reproduction.

The biocides in this study were used in the XVF in the

Ganeral Notor Plant and these are ocutlined below.
1. Hexahydro-1,3,%5-tris(2-hydroxyethyl)-s-triazine
(CoH , ¥30y0



CHZCQZOH

STRUCTURE :
) |
azci : T )
HOCH, CH, 8 NCH, CH ,0H ' i
\C / |
g i

BFPICACY: This biocide is an effective antimicrobial
agent that can be used to inhibit the growth of bacteria in
aqueous-based metal working fluids. It is effective against
gram-positive and gram-negative bacteria. [t was tested for
efficacy at the recommended concentration of 1500 ppm (parts
per million). The physical properties of this biocide are .
listed in Table 3 [13-15] and it is referred to as "Biocide

A",

'TABLB 3: TYPICAL PHYSICAL PROPERTIES OF
HEXAHYDRO-1,3,5~-TRIS(2-HYDROXYETHYL) -
S-TRIAZIRE

- astive ingredient (%) 78.5
- inert ingredient (%) 21.5
- ecolor anber
- odor faint amine

2. 1-Hydroxy-2(1H)-Pyridinethion, Sodium msalt and
ggxahgdro-i,3,5-tris(2-hgdroxxethxl)-a-triazine

This is a mixture of two other known biocides. The two

components are:




a. Sodium 2-pyridinethiocl-l-oxide (C.H ,NOSNa)

STRUCTURE:

O .- m

b. Hexahydro-1,3,5-tris(2-hydroxyethyl)~-s-triazine

(Cgﬂzl% 03). See to Biocide A for structure.

EFFICACY: This biocide utilizes a potentially
synergistic combination of an antifungal agent and an
antibacterial agent. It provides pronounced growth
inhibiting activity against gram—positive and gram—negative
bactaria, yeasts, and molds. The antifungal agent is
sodium-2~pyridinethiol~ l-oxide and the antibacterial agent
is hexahydro-1,3,5-tris (2-hydroxyethyl)-2-triazine. This
biocide eliminates the need for adding twe antimicrobial
agents. [t was tested for efficacy at the recommended
concentration aof 1000 ppm. Table 4 lists some of the
typical properties of this biocide [16-18] and it is

referred to as "Biocide B".

PUSRIS N
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TABLE 4: TYPICAL PHYSICAL PROPERTIES
OF "BIOQCIDE B"

Active Ingredient (%) 70
Color amber

3. Thia biocide ig a mixture of S-chloro-2-methyl-4-

igothiazolin-3-one and 2~methvl-4-isothiazolin-3-one

a. 5-chloro-2-methyl-4-isothiazolin-3-one

(CAHANOSCI)
STRUCTURE:

%

C——C

N---CH,

N/

b. 2-pethyl-4-isotbiazoclin-3-one

EOSO
(C4H:5

STRUCTURE:

7

H—--CH3

C
H S'//
EFFICACY: This biocide is used to inhibit the growth of

bacteria and fungal contaminants in aquaous dilutions of

emulsifiable asynthetic and semi-synthetic MVF., Some of the

A el g i M b, s 4 O s L
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physical and chemical properties of this biocide are listed
in Table 5 [21]. The recommended level of use as
established for EPA regulation is 100 ppm. This biocide is

referred to as "Biocide C".

TABLE 5: PHYSICAL AND CHEMICAL PROPERTIES
OF "BIOCIDE C"

Active Ingredients
= S-chloro-2-methyl

-4-isothiazolin-3-one 8.6 % min.
- 2-methyl-4-isothiazolin
-3-one 2.6 % min.
Appearance pale yellow
Odor mild, aromatic

Bacause of the differences 1in location of their

isolation, it was of interest to see i{ any of the
microorgarisms showed a difference in their minimal
inhibitory concentration (MIC>. The MIC is the
concentration of an antimicrobial agent necessary to inhibit
the growth of a particular strain of microorganism (1].

This test determines the concentration of an antimicrobial
agent that is effective in preventing growth of the
organisms and gives some indication of the minimal dosage
that should be effective in controlling the microbes. It is
important to realize that in a given species diological
sensitivity can vary in ita MIC by a factor of 2-5, i.e. the
differences in their intrinsic resistance [9]. Many authors
have regorted the resistance of microorganisme to toxic

chemicals and the ways in which microorganisms acquire their

e s o e e LY, T 5y e
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resistance (6, 9, 10, 25, 26, 27]. It was desirable to see
if the bacteria showed any difierences in their MIC based on
the location of the isclate. In addition, it was of
interest to determine if these MIC differences were also

evident in a medium stressing hydrocarbon utilization.

Vaste Treatment System
The biological waste system used to biodegrade waste MWF

was the OXITRON fluidized bed reactor. Vaste MVF first
passed through a physical-chemical treatment before it
reached the fluidized bed reactor. Figure 2, shows a
detailed schematic of the waste watér process at Delco
Moraine NDH Plant. This system is divided into a
physical-chemical and a biological section.

The physical-chemical section involves seven steps fron
the primary clarifier to sand filter # 1. The primary
clarifier is responsible for the removal of free cil and any
80l1¢ material from the waste. The waste then goes into one
of three holding tanks where it is allowed to sit for a
period of time, allowing eettling of more oil and its
removal by skimming from the top. (The waste sits in one of
the holding tanks while the other two are being filled and
emptied of waste MWF.) After passing the holding tank, the
waste water goes through a series of chemical treatments
that further break down the waste material. In mix tank #
1, chemicals are added to lower the pH to approximately 4.8.

This is done to split emulsion and further break down the




System

ste Treatment

Figure 2: Schematics of Wa
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chemical components in the waste MWVF. The waste then goes
through another clarifier, the API oil separator, where more
free 0il is removed. Next is mix tank # 2, where more
chenicals are added and this time the effect is to raise the
PH to approximately 9.2. Finally, the waste material goes
through the flotation units to remove any more solids that
are brought to the top by dissolved air. From here the
waste water material enters the biological portion of the
systenmn.

The Delco Moraine NDH system, where samples were
collected, was one of the first General Motors Plant to
install a full scale aerobic fluidized bed OXITRON system
{121. The OXITRON is a commercial embodiment of the aerobic
biclogical fluidized bed process configuration system
developed by Dori-Oliver, Inc. Figure 3 shows the OXITRON
aerobic fluidized bed process schematics {12). Ir this
system, the waste water is passed upward through a
rectangular or circular reactor containing a bed of sand (or
granular activated carbon media may be used) at a velocity
sufficient to expand the bed, resulting in a fluidized
state. In this system, the combination of liquid and solid
particles display what Leva [11] called particulate
fluidization. The bed expands smoothly with none of the
violent bubbling and particle motion characteristic of
gas/solid fluidization, known as aggregative fluidization
{11]. Once fluidized, the media particles provide a vast

surface area for biological growth, leading to the
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development of a biomass concentration approximately five to
ten times greater than that normally maintaiaed in
cunventional biocreactors. As a result of the biomass
concentration on the media particles, they tend to become
stratified in the bioreactor. It was ahown that vertical
density gradient could be determined as a result of the
stratification {11]. The particles at the top of the
fluidized bed had a greater biomass concentration than those
at the bottom. Degradation of the waste water is
accomplished by the microorganisms found in the biomass.
Microbial degradation of complex organic compounds requires
the maintenance of a long sclid retention time in the
biotreatment reactor, corresponding to a slow net growth
rate of the microbial population. The high reactor biomass
concentration allows achievement of a long solid retention
time at a short liquid hydraulic retention time (28]. The
use of dissolved oxygen in the influent stream satisfies the
oxygen requirements.

The Delco Moraine NUH system was installed in late 1985
and early 1988 and consists of two fluidized bed reactors.
The combine physical-chemical and biological process is
designed to treat up to 544 i;/day of industrial waste water
[28]. The first reactor in this system is for carbonaceocus
oxidation and the second reactor is for nitrification. The
effluent from the oily waste water treatment aystenm is
deficient in phosphorus; therefore, phosphorus is added to

the first reactor in the form of phosphoric acid. In
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addition, sodium hydroxide is added to buffer the carbon
dioxide produced during tha carbonaceous oxidation and also
to buffer the hydrogen ions produced during the
nitrification process.

The samples collected from the waste vater treatment
systen are listed in Table 6. Refer to Figure 2 for
location on the schematics chart. The samples sites were
chosen based on the differences in the chemical treatment in

the systen.

TABLE 6: LOCATION OF THE SAMPLES COLLECTED

Identifier Location

A NVF from the north side
XVF from south side
Mix tank # 1
Nix tank # 2
Influent into sand filter # 1
Reactor 1 - free flowing liquid
Reactor 1 sand at 10 1/2 ft
10 1/2 £t sand gently shaken
10 1/2 £t sand sonic oscillation
Reactor 1 sand at 20 ft
20 ft sand gently shaken
20 ft sand sonic oscillation
Bffluent - going to pond

MRS =-IROTWWOOW

Objectives

The main objective of this project was to characterize
bacteria found in various locations of the waste water
treatment and to determine whether organisns of the same
specias showed differences in response to tie changes in

their environment based on the lccation from which they were



isolated.




XA 1ALS
All tests performed in this research were run two or

more times to reinforce the validity of findings.

Nicrobiological Evaluation
Sanples were collected from the General Notors Plant in

plastic screwcap jars on 9/28/90 and 10/1/90. The samples
were put on ice and transported to Vayne State University
where microbiological evaluation was carried out. The
bacterial count in the sample was deternmined by serial
dilution on Plate Count Agar (PCA, Difco Laboratories,
Detroit,MI> for all locations except location #H, I,K, and L.
The sanples from these location involved sand. Removal of
bacteria from the sand was achieved by putting 1 gram of
sand into a Zip-lock bag with 9 ml of sterile water.
Removal was done by gently shaking the bag and another was
also put in the sonic oscillator for 1 minute and
subsequently diluted and plated. The plates were incubated

at 33 C for 48 hours.

Media and Culture Conditions

All cultures were maintained on tryptic soy agar (TSA,
BBL, Detroit XI). The cultures were kept fresh by being
transferred to new TSA every ten days. Twenty-four-hour-old
cultures grown in tryptic soy broth (fSB. Difco Laboratory,
Detroit, MI) were used for determining the pH range, MIC

concentration and growth in the mineral salts based mediun.

18
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The bacterial population in the broth at 24 hour was
approximately 1: bacteria/ml. Thus, the microbial
population inoculum used in these tests was 0.1 ml of a 24-
hour culture yielding a final level in the system of uf
CFU/ml.

Isolation & ldentification of Organisms

Various colony types were cultured onto TSA. Colonies
were gram stained for purity before being restreaked, to
insure a pure culture stock. The bacterial isolates were
all gram-negative; therefore, it was possible to use the
PASCO 1.D Tri-Panels for Gram-negatives to identify the
microorganisms (see Appendix for instructions on the use of

the PASCO panels).

Determining pH Range of Organisms
The pH sensitivity tests were done with both TSA and

TSB. Vith the TSA, pH was adjusted to a range of 4-8 and
with the TSB, the pH was adjusted to 3.5 to 9. Both madia
were sterilized before the pH was adjusted with HC1l or NaOH.
Vith the TSA, pil was tested with all the microorganisms to
get the general pH range for the microorganism, The pH
range was checked again, using TSB, to those microorganisns
listed in table 17 to see if the results would be the same
as those for TSA. It was of interest to see how acidic the
media could be without affecting the survival of the

bacteria.
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Another test with pH variation was done on the sand from
the bioreactor. Here, one wanted to see if the organisms
still attached to the sand could survive a lower pH than

those that were freed. The question asked of the author was

"Vhat would the pH have to be lowered to inhibit the growth
of the bacteria still attachad to the sand (bicfilm) ?”

To answer this question, a gram of sand from the
bioreactor was placed into a 250 ml flask containing 100 ml
sterile TSB. The pH of this medium then adjust to the
following pH: 4.5, 5.0, 5.5, 6 and 7. The flasks were
incubated at 33 C for 48 hours. Positive results or growth

was indicated by turbidity of the medium.

Determining Biocide MIC

Based on the location of the bacteria isolated, it was
also of irterest to see the differences in MNIC. These tests
were performed using 0.1 ml of 24 hour old culturaes grown in
TSB and added to 10 ml of TSB. The tests were performed in
standard test tubes set up for serial dilution. The amount
of biocide added to the first test tube of TSB was 1/10 the
published application concentration, which for bioccide A was
1500 ppm (0.15 %) of biocide in solution, biocide B was 1000
ppm (0.1 %) of biocide in solution, and biocide C was 100
ppm (0.01 %) of biocide in solution. The dilutions used are

listed in Table 7.
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TABLE 7: Dilutions used in Biocide Testing (ppm)

| Biocide A 100 50 25 12.5 6.25 3.125

Biocide B 100 50 25 12. 6.25 3.125

Biocide C 10 5 2.5 1.25 . 625 .3125

After these tests, a more definite end point for the XIC
was determined. The dilutions used for these tests are
liafed in Table 8. For biocide A, a too low af a biocide

concentration was used and the results were all positive.

TABLE 8: Dilutions of Biocides for End Point

Biocide A 10 7.5 s 3.7 2.5 1.87%
Biocide B 100 75 50 37.8 25 18.75

Biocide C 10 7.5 -] 3.7% 2.5 1.875

Determining Growth of Organisms in Mineral Salts base Medium

The final experiment performed was to determine which

microorganisms would grow in a mineral base medium described
by Palleroni and Doudoroff [19]. This medium conaisted of
M/30 BaK phosphate buffer pH 6.8, §H C1 (0.1%), !gsdl.*'?RZD
(0.05%), ferric amnoniumAeitrat. (0. 005%), CaCl2 (0. 0005%)>
and a carbon source (0.1%). The carbon source used in this
case was the hydrocarbon n-hexadecane. The madia was
prepared and sterilized aftaer which the hydrocarbon was

added. The microorganisms used in this test are listed in
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Table 20. The test was done in 100 ml flagks with 50 ml
media and a 0.1 ml of 24 hour old culture sample. These
were then put into a G24 environmental incubator shaker (New
Brunswick Scientific), set at 28 C and 200 RPM. These
samples were looked at daily for evidence of turbidity
indicating growth. Those with growth were used for another
test to see if they would still grow in this medium with the
addition of Biocide C. Biocide C was selected because of
its lower effective dose. The amount of Bioccide C added was
2.5 ml of 100 ppm stock solution thus making the final
biocide concentration 5 ppm. This amount was used because
most of the bacteria tested survived at this concentration.
The rationale behind this is that it was known that the
microorganisms would grow in each test separately but could
they survive in the mineral base medium plus the hydrocarbon

and the biocide.



Bacterial lLevel

The results for the CFU/ml based on location are
presented in Table 9. The results fﬁr the CFU/ml were
obtained by selecting and counting the plates with 30 fo 300
colonies. The Quebec counter was used to make the count.

The formula used for determining CFU/ml was:

CFU = (average number of colonies/plate)
ml (dilution plated) (volume plated in ml)

Locations A through D have two sets of results because
in the first set, it was believed that the agar was poured
to kot based on the low count values. As outlined in Table
$, there was a slight increase in the second set of results
compared to the firast set. The results for A through D were
much lower than the rest of the results because of their
location. Location A through D are for MVF and for those
collected from the physical-chemical portion of the waste
treatment system.

For location D, the crowded plate method was used to
deternine the count because there was no growth on any of
the higher dilution plates. The probable reascn being, that
the agar was poured too hot. The craowded plate method was
done by counting the colonies in five square areas. These
counts were then averaged and multiplied by sixty-four (area
of the petri dish). A third count was nat parformed because
the sample was five days old and the count would not have
bean as accurate.
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TABLE 9: Results for Bacterial Colony Farming Units
per Location

Location CFU/ml Average
3
A 1st 89 x 10 5
3 1.0 2 10
118 x 10
3
2nd 191 x 10 ]
3 1.6 x 10
122 x 10
4
B lst 14 x 10 5
4 3.2 x 10
32 x 10
4
2nd 165 x 10 ]
4 1.7x 10
169 x 10
2
C 1st 153 x 19 4
2 1.3 x 10
109 x 10
2 4
2nd 251 x 10 2.6 x 10
2
262 x 10
2
D 1st 36 x 10 3
2 3.8 x 10
39 x 10
2 5
2nd 1433 x 10 1.4 2 10
2
1267 x 10 done by crowded
plate method

24
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TABLE © (cont.): Results for Bacterial Colony Forming
Units per Location

different removal techniques.
J - Did not do because K & L are
different removal techniques.

the

Location CFU/ml Average
S5
E 65 x 10 6
S 6.4 x 10
63 x 10
5
F 108 x 10 7
5 1.3 x 10
159 x 10
, 6
H 51 x 10 4
CFU/gn sand 5 3.8 x 10
243 x 10
7 ]
I 296 x 10 3.0 x 10
CFU/gm sand TRTIC
5
K 98 x 10 7
CFU/gn sand 5 1.3 x 10
161 x 10
7
L 44 x 10 a8
CFU/gn sand 7 7.3 x 10
101 x 10
3
). § 202 »x 10 5
3 1.5 x 10
97 x 10
G - Did not do because H & | are the results using

results using

i it e —— ¢
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The results between the gently shaking and sonic removal
in H & I and K & L were what one expected. The removal by
the sonic bath removed more bacteria from the sand than by
Just gently shaking the sample. The first thoughts that one
" would think about the results for location X was that the
count was too low. This was the sample that was going to
the pond and microorganisms found here were the free living
bacteria from the bioreactors. These were the bacteria that
Andrews described as being individual cells that were so
small and 1ight that they were washed out of the bioreactors
{2). Tbe overall results were what one expected based on

the locations that they were collected.

ldentification of Microorganisms
The resvlts for the identification by the PASCO ID TRI

Panels are given in Table 10. The results are listed by
biotype number first and then by genus and specie name if
the biotype number matched up in the PASCO I.D. book. From
the results, it showed that it was not always possible to
isolate specific microorganism in each area. However,
Acinetobacter lwoffi was found in most of the locations and
it was this microorganism that was tested.

There are two possibilities for the failure cited abdove.
First, all the microorganisms possible from each location
ware not isnlated. If one had been sealective, there nmight
have been graater success in the isolation of microorganisms

common to each location. The sucond reason for not getting
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a common mnicroorganisms in each location might be due to

the fact that some microorganism were only present in low
numbers in that specific location. As it was stated
earlier, Acinetobacter lwoffi was found in all locations
except in Location C (mix tank # 1) where the pH is lowered
to 4.8 due to the addition of chemical. It is possible that
this organisms might not of survived this treatment of
Location C. From here on cut, the various teets were done

with mostly Acinetobacter lwoffi and a few other bacteria.

Biocide NIC Results

For the biocide testing ten isolates were selected that
keyed to Acinetobacter 1lwoffi from different locations (two
of the samples used locked similar to Acinetobacter 1lwoffi
based on colony characteristics) and challenged them with
the three biocides. Table 11 gives the ten bacteria used
for these tests by biotype number and their location. The
reaults for these ten bacteria are presented in Tables 12
throurh 16. The interpretation of each table is given below
itas respective table. The MIC for each blocide is much less
than the recommended level for industrial application.

MIC tests with Biocides B and C on different micro-
organisms from various locations to see if their MIC was
essentially the same as that for Acinetobacter lwoffi.

Table 17 gives the bacteria used for these tests by bioctype
and location. Tables 18 and 19 give the results of these

tests, with interpretations below each tabla.
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TABLE 11: Bacteria used in the MIC Testing

Bacteria Biotype Bacteria
number number Location name
1 H resenbled
Aci., lwoffi
2 000000000 F Aci. lwoffi
3 000000000 E Aci. lwoffi
4 060000000 E Aci. lwoffi
5 000000000 X Aci. lwoffi
] 000000002 1 Aci. lwoffi
7 000000401 D Aci. 1lwoffi
8 000004401 B Aci. lwoffi
9 A resembled
Aci. lwoffi
10 000000000 F Aci. lwoffi

Becieriaded 100121205

gﬁow in the positive control well
5.



TABLE 12: Results of MIC Testing with "Biocide A"

Bacteria

--------- 1 2 3 4 =] 6 7 8 9 i0

{) ppm
3.125 T R & T S R R
6.25 T SR T TR = S S 2 S e
12.5 T T T © 2 T R S e
25.0 ++ ++ ==+ 4
50.0 O T T I S S Sprars
100.0 4 mm b= b= e= = em mm = -

+ means positive for turbidity
- means negative for turbidity

INTERPRETATION: The MIC for these microogranisms was

greater than 50.0 ppm, Bacteria # 6 did not grow in the
lowest concentration and it was assumed that the beginning
inoculation was not viable. For the endpoint MIC, the
tests were run using to low of a concentration and the
results were all positive so the results were not
included. This biocide was the last one tested so not as
many microorganisms were tested with it. ’
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TABLE 13: Results of MIC Testing with "Biocide B”
Bacteria
--------- 1 2 3 4 S () 7 8 9 10
{] ppnm

3.125 +4+  ++ .+ e+ e
6.25 ++ 4+ 4 e+ A e 4+ 4
12.5 L AR L R IR T R T T R L S TS SN
25.0 TR S T I e S N R T T Y oy
50.0 e S I e L R R &
100.0 L L I

+ means positive for turbidity
- means negative for turbidity

INTERPRETATION: The results from this test showed that
the XIC for thic biocide in most bacteria tested here

was greater than 25 ppm. For the results of a finer MIC
endpoint refer to table 14. This biocide was alsc tested

with other bacteria from various locationa and the results
are given in table 18.
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TABLE 14: Results of MIC Testing with "Biocide C”

Bacteria

--------- 1 2 3 4 5 6 7 8 9 10
{] ppm

0.3125 S A S B IR I TR T R e = I T
0.625 LS IR TR T I 2 R T R S R 2 S R Y
1.25 LR S S IR T R S Y R A L
2.50 ISR T R T R I S I R T X R L TS
5.0 LR S R N T R - R S S S Y
10.0 e i S L R R - -—

+ means positive faor turbidity

- means negative for turbidity

INTERPRETATION: See Table 15 for the a finer rwnge for

the MIC endpoint. In these results it shows that the MIC
is greater than 5.0 ppm in most of the bacteria. This

biocide was used on other bacteria from the different
locations, the results for these bacteria are shown in
Table 19.

e
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TABLE 15: Results of MIC Endpoint with "Biocide B”

Bacteria

--------- 1 2 3 4 5 6 7 8 9 10
L) ppm

18.75 S L R S e R R L S
25.0 +4+ ++ P+ e+ P+ ==+ 4+ 4+ ++
37.5 R e I S N

50.0 T

75.0 e R e

100.0 e i

+ means positive for turbidity
- means negative for turbidity

INTERPRETATION: Bacteria # 6 did not grow in the lowest
concentration in this testing but it grow in the previous
testing with this biocide. It is assumed that this
bacteria was not viable when the tests was started. The
final MIC endpoints for the rest of the bacteria was
greater than 25.0 ppm. See the table for the exact
endpoint for each bacteria.
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TABLE 16: Results of MIC Endpoint with "Biocide C"
Bacteria
———————— 4 1 2 3 4 ] 6 7 8 9 i0
{] ppm
1.875 Y . I 2 R A T )
2.5 4+t P A 4 == e 44
3.7% R Y 2 T S R T IR T I L
5.0 P T I YR 2 R L A s +4+ j
7.5 e T . I e i L ?
&
10.0 S R T S e L L e

+ means positive for turbidity
- means negative for turbidity

INTERPRETATION: Bacteria # 6 did not show any growth in
this test but it showed growth in the first testing with
"Biocide C", so it is assumed that this bacteria was not
viable to begin with. The rest of the bacteria show a
final MIC endpoint greater than 5.0 ppm except bacteria
# 7 and 9. See the results for accurate endpoint.

e e
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TABLE 17: Bacteria used in MIC Testing for Table

18 and 19

Bacteria Biotype Location Name
Number Number

1 252001401 B Aci. anitratus

2 240746026 B

3 377700401 B

4 200746216 B

5 366400400 A

6 240044012 A

7 000040437 A

8 352005207 A

9 241006000 B

10 000004010 A

11 000004012 A Pseud. spp.

12 no growth A

13 366005005 A

14 000004012 D Pseud. spp.

15 377700000 C

18 no growth A

17 000000120 E

18 040000620 K

19 000740020 L

20 000000022 1 Moraxella

21 040004000 L

NOTE: The words "no growth” indicate that these bacteria

did not grow in the control well of the PASCO system,
therefore a biotype number could not be determined.

names of the microorganisme are only provided for the ones

whose biotype number keyed to a name.

The
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TABLE 18: Results of MIC Testing with "Biocide B”
with other Isolated Microorganisms
{] ppm .
100 50 2.5 12.5 6.25 3.125

bacteria
1 - ++ ++ ++ ++ ++
2 - 44+ ++ ++ ++ ++
3 - 4+ ++ ++ ++ ++
4 - 44+ ++ ++ ++ ++
5 ++ 4+ ++ ++ ++ ++
6 -— 4+ ++ ++ ++ ++
7 - == ++ ++ ++ ++
8 - - ++ ++ ++ ++
") - -- +- ++ ++ ++
10 -— 4+ ++ ++ ++ ++
11 -~ ++ ++ ++ ++ ++
12 —-—— =- - ++ ++ ++
13 - -- ++ ++ ++ ++
14 - 4+ ++ ++ 4 ++
15 - ++ ++ +4 ++ ++
16 -_— == - ++ ++ 4+
17 - - ++ ++ ++ ++
18 — - - ++ ++ ++
19 —— == - ++ ++ ++
20 - =- ++ ++ ++ ++
21 -— == +- +4 ++ ++

INTERPRETATION: As the reults indicated, most of the
bacteria have a MIC greater than 25 ppm. There a'so was
a variance between the microorganisms that might be a
result due to the location that the bacteria were
isclated from. Compared to the Acinetobacter lwoffi,

some of these bacteria are more reaistant to this biocide.
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‘TABLE 19: Results of MIC Testing with "Biocide C"
with other Isolated Microorganisms
() ppm
10 5 2.5 1.25 .82 .31
bacteria
1 - +4 ++ ++ ++ ++
2 R ++ ++ ++ ++
3 - - - ++ +4 ++
4 - -- ++ ++ ++ ++
5 —_— - - ++ +4 ++
6 - - ++ ++ ++ ++
7 - - ++ ++ ++ ++
8 - -- ++ +4 ++ ++
9 - - -- +4+ ++ +4
10 - ++ ++ ++ ++ ++
11 - -— +- +4 ++ ++
12 - +- ++ +4+ ++ ++
13 - - ++ ++ ++ +4
14 ++ +4 +4 ++ ++ ++
15 - ++ ++ ++ ++ ++
16 - =- - - - 4
17 - -- - ++ ++ ++
18 - - - L - ++
19 - - -- - ++ +4+
20 - - - - ++ ++
21 - - - - ++ ++

INTERPERTATION: As the results indicates there is a

variance in the data based upon the bacteria being tested.

The results from the previous tests were using the same
microorganisms but from different locations. The results
shown here are different microorganisms and different
locations. Compared to Acinetobacter lwoffi results,

the bacteria here are more sensitive to this biocide.
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EH Range Results

The pH tests were performed on all of the bacteria
isoleted on TSA, Bacteria listed in Table 17 were also
tested in TSB to see if there was a differences based on the
medium being a liquid or solid. The results from both tests
showed that most of the bacteria survived a pH range of 6 to
8. Some of the Bacteria tested in TSB also grew at pH 9 but
not any lower than pH 6.

The results of the pH tests done on the sand from the
bioreactor showed that they could grow at a lower pH than
the isoclated bacteria. There was obvious growth, based on
turbidity, in pH 7, 6, 5.% and 5. There was survival in pH
4.5, determined by surface plating on TSA, not by obvious
growth. The bacteria isclated from surface plating were
also used in subsequent studies in mineral salts~hydrocarbon
nmedium,

Results indicated that the organisms attached to the
sand could survive a lower pH environment then the isoclated
microorganisms. The question asked "How much would you have
to lower the pH to inhibit the growth of the organisms on
the sand 7" From these initial tests, I would say that the
pH of the bioreactor would haQa to ba lawered to a PH below

4.5 to produce inhibition.

Mineral Base Medium Results

The microorganiesms that were used in this test are
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listed in Table 20. Turbidity was used as a means of
determining growth. The samples were axamined at each day
for obvious growth while they were in the shaker. The
appearance of obvious growth, approximataly 107 bacteria/ml,
took approximately ten days. Table 20 also indicated which
microorganisms showed obviocus g-owth on the day they wera
taken from the shaker (day 11). These bacteria were then
used for the mineral base medium plus the hydrocarbon and
biocide test.

These results were evaluated each day for obvious growth
and after ten days then was no apparent growth. After three
weeks in the shaker, none of the samples showed apparent
growth, so serial dilution were performed on PCA to see if

the bacteria were surviving. The results of the bacterial

load in this medium are given in Table 21.
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TABLE 20: Bacteria used in the Mineral Base Medium Test

Biotype Location Name Growth in Medium
000004401 B Aci.lwoffi yes
sand isolate G ? yes
sand isclate G ? yes
sand isolate G ? 7es
sand isolate G ? yes
na growth A ? yes
000000401 D Aci.lwoffi yes
000004012 A Pseud. spp. yes
000000020 I Moraxella yes
na growth A ? yes
no growth A resembled Aci. no
no growth H resembled Aci. no
000000000 F Acl. lwoffi no
000000000 F Aci.lwoffi no
000000000 B Aci. lwoffl no
000000000 B Aci.lwoffi no
000000000 X Aci.lwoffi no

Note:

Sand isolates refer to the ones that were isolated

from the pH testing on the sand of tha bioreactor. The
pH was lowered to 4.5,
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Table 21: Results of Mineral Base Medium and Biacide
Bacterial Count

Biotype Location Growth
000004401 B > 1000 CFU/ni
sand isolate G > 1000 CFU/ml
sand isolate G > 1000 CFU/ml
sand ‘solate G > 1000 CFU/ml
sand isolate G > 1000 CFU/ml
no growth A > 1000 CFU/ml
000000401 D > 1000 CFU/ml
000004012 A > 1000 CFU/ml
000000020 1 > 1000 CFU/ml
no growth A > 1000 CFU/ml

NOTE: When the samples were plated, the dilutions plated
were from 10 to the 3rd to 10 to the 6th. The amount of

growth on the 10 to the 3rd plates were less than 30
colonies and could not be counted. Thus the number of
bacteria in the medium is given as less tkan a 1000 to
indicate that there was survival but no growth. Since
0.1 ml of a 24 hour culture was put into Z0 ml of the
medium (10 to the Sth), the results indicates a decline

in the microbial population. The reasons for the decline
might be because the environment was to stressful for

survival.




CONCLUSION

The results obtained from this project revealed many
things about the microbial population in the MVF and the
waste treatment systeas. As expected the microoial load in
the bioreactors is much higher than any place else .n the
system. The control of bacteria in the MWF by biocides is
done to prevent the biodeterioration of the MWF and to
prevent other contamination problems caused by the
microorganisms (table 2). The level in the bioreactors is
expected to be higher because it is in the bioreactors that
the bacteria are responsible for the biodegradation of

industrial waste water.

The bacteria isolated and identified from the samples

showed to be Apcinetobacter species and pseudomonas apecies.

Pseudomonadg are one of the most group of important

organisms found in MVF (4]. The PASCO ID Tri-Panels were
used to identify the microorganisms, however it was not
always possible match an organisms’ name to the biotype
number.

‘The results from the tests perfcrmed on Acinetobacter

lwoffi showed that this organisms displayed only slight
differences in the pH and the biccide tests. The ratio of
the MIC/recommended efficacy level was approximately the

same for the three biocides. The test in the mineral base

medium showed that acinetobacter lwoffi jgglated from ) !

Location B (MVWF from the south side) was able to grow in
43
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this medium whereas none of the other Acinetobacter lwoffi

tested showad this growth in the 11 days.

The pH tests showed that most of the organisms isolated
grew in a pH range of 6 to 8 while sowe grew at pH 9. The
PH tests dealing with bioreactor sand showed that if the
microorzanisms were left in natural enviroamment, they could
gurvive in an environment with a much lower pH. One
microorganism isolated from the sand at pH 4.5 was to able
tc grow at pH 4.5. This microorganism was not identified at
the time.

The results of the biocide tests on other bacteria

demonstrated the variance that one would have liked to see

with Acinetobacter lwoffi. It must be remembered that these

bacteria were all different and from different locations.
The data from these bacteria were not as complete as the
ones obtained from the Acinetobacter lwoffi thus no
conclusion could be drawn. 1f they had been isolated each
location than one would have had data to comparae the
results. Based on tle MIC/recommended efficacy dase, one
could say that the bacteria in Table 17 can tolerate a
higher level of "Biocide B"” than "Biocide C* as indicateu in
Tables 18 and 19. Taus indicating that Biocide C might be a
stronger inhibitor than Bioccide B.

The mineral base medium test indicated that same
microorganisms could grow in this medium while other could

not. The growth of the bacteria in this medium was not

depent upon the location the it was isclated from. The
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results indicated that it was based upon the type of
microorganisms. After three weeks in the mineral base
medium and "Biocide B”, there was no apparent growth in any
of the flasks. To determine if the bacteria gurvived,
plates counts were done on them (Table 21). The results
fron these counts showed that the bacteria had a harder time
surviving in this environment than the two environment
separately. This environment might be to stressful for the

organisms, even though they did survive in low numbers, to

reproduce.



Appendix 1
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DENTIFICATION of GRAM-NEGATIVE MICROORGANISMS
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This paper»contains information conceraning the microbial
populations in Metal-working Fluids and the waste treatment
system that degrades the waste water. The microorganisms
were 1sola£ed and identified and then various chemical tests
were performed on them to determine the effects it had the
microorganisms. These tests included changing the pH of the
environment, determining the blocide MIC, and changing the
carbon source in the environment. These results were then
analysized to see 1f microorganisms of the same species but
from different location showed any resistanf to the tests.
Based on the resulta obtained on Acinetobacter lwaffi, the

location of this bacterium did not influence the results.
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AUTOBIOGRAPHIC STATEMENT

Currently, I am a Chemical Officer (Captain) in the
United States Army. 11 was commissioned into the Army on May
1, 1985. I was selected to attend Vayne State University
for advanced education in my career field. This selection
is based on previous performance in all military
assignments, undergraduate degree and grades. [ obtained
Bachelor of Science from Northern Michigan University, where
1 studied Biochemistry.

My assignments in the military are outlined below. I
attended the chemical officer basic course from June 1985 to
October 1985 at Fort McClellan, Al. From here I did a three
year tour in Stuttgart, Germany. While in Germany, I was
assigned as a platoon leader to the 11th Chemical Company,
an assistant chemical officer to the 2d Support Command, and
as the officer in charge of the 2424 Chemical Detachment. I
wag awarded the Army Commendation Medal when [ departed
Germany. My next duty station was back at Fort McClellan
for the officer advance course, where | was notified that I
was selected to attend graduate school under the fully
funded advanced civilian schooling program. Upon
completion of my studies at ¥WSU, I will go back to the Army

to put this training to use.

52

-




